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In this study we reported cultivation of bacteria associated with mangrove soil from the Ngurah Rai Mangrove Forest, Bali. Mangrove soil 
samples were serially diluted using sterile artificial seawater, spread onto Starch Casein M agar and incubated at 28oC for 28 days. 
Cultivation of mangrove soil samples yielded 165 bacterial colonies with 68 isolates were selected and purified based on different 
morphology. Of these 68 isolates, 22 isolates displayed antibacterial activities ranging from weak to strong inhibition against at least one 
of four bacterial indicators namely Staphyloccocus aureus, Streptococus mutans, Escherichia coli and Klebsiella pneumoniae using 
perpendicular streak method. Overall, 19 out of 22 bacteria isolates displayed weak antibacterial potential and two isolates exhibited 
moderate antibacterial activity. The isolate SA4 was the only bacterium with strong antibacterial potential with measured clear distance ≥ 
10 mm against the four bacterial isolates. Sequence analysis based on 16S rRNA gene fragment assigned the isolate SA4 as Bacillus 
subtilis strain BIL/BS-168. Overall, this study confirmed the untapped potential of antibacterial activities from bacteria associated with 
mangrove soil. 
 





Bacterial resistance against antibiotic drugs is currently 
an emerging global health threat that require immediate 
actions (World Health Organization, 2018; Centers for 
Disease Control and Prevention, 2018). Antibiotic 
resistance arises because bacteria develop immune 
mechanism by mutation, horizontal gene transfer and 
enzyme inactivation (Munita and Arias, 2016). As a 
rough estimation, resistance against antibiotics will 
reach 10 millions cases in 2050 and is predicted to result 
in financial loss of 100 trillions USD due to increased 
cost for hospitalization and loss of productivity. To date, 
overused and misused antibiotics are the main factors of 
the increasing rate of antibiotic resistance (Ventola, 
2015).  
One of the efforts to overcome the increasing rate of 
resistance of pathogenic bacteria is to discover new 
sources of novel antibiotics with much stronger efficacy 
compared to current drugs that are available on the 
market (Roca et al., 2015; Cheng et al., 2016). 
Exploration of bacteria with a potent antibacterial 
activity has been mainly focused on terrestrial 
ecosystem (Elbendary et al., 2018; Singh et al., 2016; 
Mohamed et al., 2017; Assis et al., 2014). However, a 
number of studies indicated the highest de-replication of 
active compounds that have been previously reported. 
(Debbab et al., 2010). Therefore, exploration of marine 
habitat should also be given more priority as bacteria in 
this habitat is rather unexplored yet yield (Debbab et al., 
2010). 
Mangrove forest is characterized with extreme 
salinity, high-low tide, wind pressure , muddy and low 
oxygen concentratio (Friess, 2016). Therefore, microbe 
in this habitat tend to be able to adapt on harsh 
environmental conditions (Booth, 2018). The group of 
actinobacteria in mangrove forest synthesize various of 
secondary metabolites to survive with this extreme 
condition (van der Heul et al., 2018; Bentley et al., 
2002). Bioactive compounds from mangrove origins 
have been shown to display therapeutics potential and 
could be developed as new drugs including antibiotics. 
A number of studies have isolated bacteria from 
mangrove and these isolates could inhibit wide range of 
pathogenic bacteria (Azman et al., 2015; Lee et al., 
2014; Jiang et al., 2018). 
The Ngurah Rai mangrove forest is the biggest 
mangrove ecosystem in Bali with over 19 mangrove 
plants species inhabited the area and dominated by four 
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marina, Rhizophora apiculata dan Sonneratia alba 
(Balai Pemantapan Kawasan Hutan Wilayah VIII 
Denpasar, 2018). To date diversity of bacteria in The 
Ngurah Rai Mangrove Forest is rather unexplored, 
therefore this research aims to isolate and pre-screen 
bacterial isolates with antibacterial activities. 
 
 
MATERIALS AND METHODS  
 
Mangrove soil sampling 
Mangrove soil samples were collected from the Ngurah 
Rai Mangrove Forest (8o43’40.4886” S, 
115o11’42.80313” E), in August 2019 during the low 
tide. Four sediment samples were taken from habitat of 
the four dominant mangrove plants Rhizophora 
mucronata, Avicennia marina, Rhizophora apiculata 
and Sonneratia alba. From each sampling point, 
approximately 100-gram sediment was taken from 10 
cm depth using a clean masonry trowel and stored 
individually in a sterile 50 mL falcon tube (Figure 1). 





Figure 1. Soil samples collected from the Ngurah Rai Mangrove Forest. 
 
 
Cultivation of bacterial isolates from mangrove soils  
Ten grams of each mangrove soil samples were pre-
treated with wet heating in a water bath at 60oC for 15 
minutes by combining sterile artificial seawater and 
distilled water (1:1 v/v) (Azman et al., 2015; Lee et al., 
2014; Jiang et al., 2018). Subsequently, 1 mL of each of 
soil sample suspension was serially diluted (10-1 to 10-3) 
in 9 mL sterile artificial seawater. One hundred µL of 
each diluted soil sample was spread using sterile cotton 
swab (Onemedia) onto starch M-protein agar (63 
gram/L, HiMedia, India) which was supplemented with 
100 μg/mL nalidixic acid and 25 μg/mL nystatin. Agar 
plates were sealed with parafilm and incubated at 28oC 
for 28 days. Observation of colonies grew on agar was 
performed every two days and the total colonies 
observed on agar media were counted. Bacterial 
colonies with different morphologies (colour, form, 
elevation) were picked up from each agar plate and these 
colonies purified individually by streaked onto ISP-2 
agar media (4.0 gram/L yeast extract, 10 gram/L malt 
extract, 4 gram/L dextrose, 20 gram/L bacto agar). Each 
of the purified bacterial isolate was stained using Gram 
staining dan observed under microscope to identify their 
morphological form.  
 
Antibacterial prescreening 
Antibacterial activities of each purified isolates were 
pre-screened using perpendicular streak method 
(Boontanom and Chantasari, 2020) with a slight 
modification  against four bacterial indicator strains 
which represented Gram-negative bacteria (Escherichia 
coli dan Klebsiella pneumoniae) and Gram-positive 
bacteria (Staphylococcus aureus dan Streptococcus 
mutans). In brief, each of pure bacterial indicator strains 
was streaked as a five cm vertical line and incubated for 
48 hours at 37oC until fully grown. Bacterial indicator 
strains were streaked five cm perpendicular from the 
original line of the bacterial isolate (Figure 2).  
Antibacterial potential was determined based on the 
distance formed between an isolate and a bacterial 
indicator according to four categories: no activity (a 
bacterial indicator show no distance with an isolate), 







Figure 2. Schematic overview of perpendicular streak for antibacterial 
pre-screening of bacterial isolates from mangrove soil. 
 
 
Genetic analysis of bacterial isolates with strong 
antibacterial activities 
Bacterial isolates with a strong antibacterial activity 
were genetically identified using polymerase chain 
reactions followed by Sanger sequencing. The genomic 
DNA of selected bacterial isolates was extracted using 
Bacteria DNA preparation kit Jena Bioscience (Jena, 
Germany) by following the manufacturer instruction. 
Genomic DNA of each the selected isolates were 
amplified by targeting 16S rRNA gene fragment using 
primer pairs 27F: 5’-AGAGTTTGATCMTGGCTCAG-
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3’(Lane, 1991). The 50 µL PCR master mix contained 
25 µL My Taq HS Red Mix 2 x, 1 µL (20 µM) of each 
forward and reverse primer, 22 µL of sterile DNA/RNA 
free water and 1 µL of genomic DNA. The PCR cycles 
consisted of 95°C for 5 minutes pre-denaturation, 30 
cycles consisted of 95oC for 1 min denaturation, 55oC 
for 1 minutes annealing, 72oC for 1.5 min extension, and 
a final extension for 7 minutes. Amplified PCR product 
was analysed using 1% agarose supplemented with 
SYBR Safe by gel electrophoresis for 45 minutes (80 
volt/200 watt) and visualised using UV light in a gel 
documentation machine. Subsequently, PCR products 
were sent to PT Genetika Science 
(https://ptgenetika.com/) for Sanger sequencing. The 
obtained sequence data were subjected to NCBI BLAST 
database (https://blast.ncbi.nlm.nih.gov/Blast.cgi) to 
assign the closely identity of related bacterial sequence.  
 
 
RESULTS AND DISCUSSION 
 
Bacterial isolates with antibacterial activities 
A total of 68 bacterial isolates were selected over 165 
bacterial colonies observed on agar plates after 28 days 
of incubation based on morphological observations. Of 
these 68 isolates, only 22 isolates showed potential 
antibacterial activities against at least one bacterial 
isolate using perpendicular streak method. These 
bacterial isolates were grouped as Gram positive cell 




Table 1. List of isolates that displayed inhibition against at least one bacterial indicator strains with their morphological characteristic. An initial code 
indicated the dominant mangrove plant species where soil sample was collected namely SA (Sonneratia alba), AM (Avicenna marina), RA (Rhizopora 
apiculata), RM (Rhizopora mucronata).  
 
Isolate Morphology Gram staining 
Distance against bacterial indicator strains (mm) 
E. coli K. pneumoniae S. aureus S. mutans 
SA1 rod positive no activity no activity no activity 7 
SA3 rod positive 2 2 2 2 
SA4 rod positive 15 10 20 15 
SA9 rod positive no activity no activity 5 no activity 
SA11 rod positive no activity no activity no activity 3 
SA14 rod positive no activity no activity 5 no activity 
AM1 rod positive no activity 4 no activity no activity 
AM3 rod positive 2 2 2 3 
AM4 rod positive no activity no activity 2 no activity 
AM8 rod positive no activity 2 no activity no activity 
AM9 rod positive no activity no activity no activity 3 
AM12 rod positive no activity 4 no activity 4 
AM13 rod positive no activity 4 no activity no activity 
AM20 rod positive no activity 3 3 2 
AM23 rod positive no activity 4 3 5 
AM30 rod positive no activity 3 3 2 
RA1 rod positive 2 1 5 no activity 
RM2 rod positive no activity no activity 5 no activity 
RM3 rod positive no activity 5 no activity no activity 
RM9 rod positive no activity no activity no activity 5 
RM10 rod positive 6 no activity 8 7 




The level of antibacterial inhibition varied among the 
22 bacterial isolates. In general majority of isolates 
weakly inhibited at least one indicator bacterium. Two 
isolates (SA1 and RM10) displayed moderate 
antibacterial activity. SA4, however, is the only bacterial 
isolates with the strongest antibacterial potential against 
all the four bacterial indicator (Figure 3).  
Perpendicular streak was selected as the pre-
screening method because the approach is rather straight 
forward and has been applied effectively to determine 
isolates with antibacterial activities (Boontanom and 
Chantasari, 2020; Balouiri et al., 2016). It could be 
assumed that isolate SA4 could potentially synthesis 
active antibacterial molecules based on substantial 
distance formed between the isolate and bacterial 
indicators. Antibacterial substances produced by an 
active bacterial isolate were diffused on agar media so 
that growth of other bacteria was inhibited (Balouiri et 
al., 2016). Nucleotide sequences comparison of isolate 
SA4 against NCBI blast database indicated that the top 
hit was assigned as Bacillus subtilis strain BIL/BS-168 
with 97,36% identity. Bacillus subtilis in general has 
been regarded for its ability to produce antimicrobial 
compounds and has been applied for food preservation 
and crop protection (Caulier et al., 2019). For example, 




132 Biology, Medicine, & Natural Product Chemistry 10 (2), 2021: 129-133 
 
 
responsible for antimicrobial activities in B. subtilis 





Figure 3. Perpendicular streak of isolate SA4 against Gram positive and 
negative bacteria. A clear distance of ≥10 mm between each bacterial 
indicator and the isolate SA4 indicated strong antibacterial properties 
synthesized by the bacteria. 
 
 
However, at this stage it is still unknown what type 
of antibacterial substances that could be produced by the 
SA4 isolate. Further research, therefore should be 
focused to identify type of antibacterial compounds 
synthesized by the SA4 isolate. In addition, genetic 
analysis should also be done to analyze metabolic 
pathways that are responsible to synthesize antibacterial 
compounds in the SA4 isolate. Despite, the remaining 
21 bacterial isolates only showed weak to moderate 
antibacterial activities based on perpendicular streak do 
not automatically exclude the full potential of these 
isolates. It could be that each isolate requires different 
time to accumulate their antibacterial substances. 
Therefore, a liquid fermentation followed by organic 
extraction of these isolates using different solvents 
depending on polarity of the expected compounds 
should be done to fully unravel the true antibacterial 





In conclusion, this study obtained 22 bacterial isolates 
with antibacterial potential from mangrove soil of the 
Ngurah Rai mangrove forest. All of these isolates were 
characterized by rod shape and Gram-positive cell wall 
under microscope observation. Isolate SA4 displayed the 
strongest antibacterial potential based on the 
perpendicular streak method with clear distance zone 
above 10 mm. Isolate SA4 was closely related to 
Bacillus subtilis strain BIL/BS-168with 97.36% 
sequence identity based on 16S rRNA gene sequences. 
Further studies should be focused to extrapolate the 
antibacterial potential of these 22 isolates especially the 
isolate SA4 by performing organic extractions and 
screening against different bacterial pathogen. Apart 
from antibacterial activities, other therapeutic potential 
of the obtained isolates should also be explored such as 
antifungal, antioxidant, or anticancer in order to fully 
unravel the biological capabilities of these isolates.  
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